INTRODUCTION
============

Metabolic syndrome (MS) involves multiple medical conditions, including central obesity, high blood pressure, hyperglycemia, hypertriglyceridemia, and low high-density lipoprotein (HDL) level \[[@b1-kjfm-17-0027]\]. Therefore, MS threatens human health by increasing the risks of cardiovascular disease (CVD) and diabetes mellitus \[[@b2-kjfm-17-0027],[@b3-kjfm-17-0027]\]. In Korea, the prevalence of MS is increasing owing to the westernization of eating patterns and physical inactivity \[[@b4-kjfm-17-0027],[@b5-kjfm-17-0027]\]. To date, the most convincing pathogenesis of MS is the result of increased insulin resistance due to excessive visceral fat accumulation \[[@b6-kjfm-17-0027],[@b7-kjfm-17-0027]\].

The pericardial adipose tissue (PAT) is located in the pericardium and is a type of visceral fat that has attracted much attention from many researchers in recent years \[[@b8-kjfm-17-0027],[@b9-kjfm-17-0027]\]. Several studies on PAT have focused on the relationship between PAT volume and heart disease \[[@b10-kjfm-17-0027]-[@b12-kjfm-17-0027]\]. In addition, some studies have shown that PAT volume is associated not only with CVD but also with metabolic diseases \[[@b13-kjfm-17-0027]-[@b15-kjfm-17-0027]\]. These results indicate that the correlation between PAT volume and MS was studied in multiple areas. One of these studies was the ARIRANG study, which showed that the incidence of MS was significantly increased with increasing PAT thickness in Korean men \[[@b16-kjfm-17-0027]\]. However, domestic studies that focus on the relationship between PAT volume and MS are still lacking. Furthermore, no cutoff PAT volume has been reported yet in relation to MS. The purpose of this study was to clarify the association between PAT volume and MS, and to cross-sectionally demonstrate the cutoff PAT volume in relation to MS.

METHODS
=======

1. Subjects and Data Collection
-------------------------------

We included the data of 405 subjects with available cardiac computed tomography (CT) scans collected in the Samsung branch office of Chaum Health Promotion Center between 2010 and 2014. We excluded the data of 31 subjects who had CVDs (cardiac arrest, coronary artery disease, ischemic heart disease, stroke, and other definite diseases of cardiovascular origin). We analyzed the data of the remaining 374 subjects. The data included age, height, smoking, metabolic parameters (waist circumference \[WC\]; blood pressure; levels of cholesterol, glucose, uric acid, high-sensitivity C-reactive protein \[hsCRP\], and homocysteine; visceral fat area \[VFA\]), and PAT volume. This study was approved by the Institutional Review Board of Ajou University and Boondang-CHA Hosptial after informed consent (AJIRB-MEDMDB-16-268, CHAMC 2016-10-020).

2. Measurement
--------------

### 1) Definition of metabolic syndrome

MS is defined as a clustering of at least three of the following five metabolic alterations: central obesity, high blood pressure, hyperglycemia, hypertriglyceridemia, and low HDL level. Metabolic alteration, which was included in the criteria for diagnosis of MS, was determined on the basis of the criteria set out in the National Cholesterol Education Program \[[@b17-kjfm-17-0027]\].

### 2) Body proportion and blood samples

The data included medical history and lifestyle habits, which were obtained using a self-administered questionnaire. In case of females, menopausal status was also documented, which was defined as natural cessation of menstruation for \>12 months or cessation of menstruation by hysterectomy. Physical examinations, including body weight, height, and WC, were performed by a trained examiner who followed a standardized procedure (measured in the standing position, without shoes). Blood pressure was also measured after resting for 10 minutes in a sitting position by using an automatic sphygmomanometer. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Current smokers were defined as those who had smoked \>5 packs of cigarettes during their lifetimes and were currently smoking; past smokers, as those who had smoked in the past but had quit; and non-smokers, as those who had no history of smoking. Blood samples for assessing fasting glucose and lipids, hsCRP, uric acid, and homocysteine levels were drawn from the antecubital area in the morning. Serum samples were stored at 4°C and analyzed within 1 day of sampling. VFA was also measured using Bio Impedance Analysis (Inbody 720; Biospace Ltd., Seoul, Korea).

### 3) Measurement of pericardial adipose tissue

Epicardial fat was defined as any adipose tissue located within the pericardium; and paracardial fat, as any adipose tissue situated on the external surface of the parietal pericardium. Pericardial fat was defined as epicardial fat plus paracardial fat. For the measurement of PAT, a 128-slice CT scanner (GE Light Speed VCT; GE Imatran, San Francisco, CA, USA) was utilized. The scan parameters were as follows: 25-mm slice thickness, 120-kV tube voltage, and 120-mAs tube current. To define PAT volume, −190 to −30 HU measured using the CT scanner was applied. The superior cutoff point in the axial slices was the bifurcation of the pulmonary artery. Inferiorly, the volume analyzed was segmented up to the intra-abdominal adipose tissue. The anterior border was defined using the anterior chest wall; and the posterior border, by the esophagus and descending aorta. The region of interest containing the heart and surrounding adipose tissue was assessed using manual tracing of the axial images. Measurement of PAT was performed by counting the number of pixels in these areas. Tissue with mean attenuation plus or minus 2 standard deviation (SD)s was considered to be the VFA \[[@b18-kjfm-17-0027]-[@b20-kjfm-17-0027]\].

3. Statistical Analyses
-----------------------

The general characteristics of the study subjects, including age, height, weight, WC, metabolic parameters (blood pressure, fasting glucose, lipids, hsCRP, uric acid, and homocysteine levels, and VFA), and PAT volume, are described as mean±SD. For evaluating the correlation between PAT volume and the other metabolic parameters, the partial correlation method was used after adjustment for sex. The skewed data (TG, hsCRP, and homocysteine levels) were log transformed. Analysis of variance was used to compare the difference in metabolic parameters according to the tertiles of PAT volumes. Significant metabolic parameters were then further analyzed using post hoc analysis. To determine the odds ratio (OR) for having MS according to PAT tertile, logistic regression was performed. Finally, we used the receiver operating characteristic (ROC) curve to calculate the cutoff PAT volume associated with the presence of MS. All statistical analyses were performed via SPSS ver. 11.0 for Windows (SPSS Inc., Chicago, IL, USA), and statistical significance was considered at P-values of \<0.05.

RESULTS
=======

Of the 374 subjects, 72 were female (19.3%) and 27.5% had MS. The patients' mean age, BMI, WC, and PAT volume were 54.1 years, 24.9 kg/m^2^, 88.4 cm, and 123.9 cm^3^, respectively ([Table 1](#t1-kjfm-17-0027){ref-type="table"}).

PAT volume was positively associated with age; height; weight; BMI; WC; levels of glucose, triglyceride, hsCRP, uric acid, and homocysteine; and VFA. PAT volume showed a negative correlation with HDL-cholesterol level ([Table 2](#t2-kjfm-17-0027){ref-type="table"}). After the PAT volumes were divided into tertiles, various metabolic parameters, which showed significant correlation among themselves, were compared. According to the increase in PAT tertile, age, height, weight, BMI, WC, triglyceride level, uric acid level, homocysteine level, and VFA were significantly higher than those in the low PAT volume tertile. By contrast, HDL-cholesterol level was significantly lower in the higher PAT volume tertile ([Table 3](#t3-kjfm-17-0027){ref-type="table"}). To clarify the further association, we calculated the OR for developing MS according to PAT tertile after adjustment for age, sex, and smoking. Without adjustment, the OR (95% confidence interval \[CI\]) for developing MS was 3.55 (1.98--6.35) in the top tertile as compared with the first PAT volume tertile. After adjustment, the OR (95% CI) was 4.19 (2.27--7.74) in the top tertile. However, after additional adjustment for BMI, the OR (95% CI) was 1.82 (0.91--3.63) and showed no significant difference ([Table 4](#t4-kjfm-17-0027){ref-type="table"}).

Finally, we calculated the cutoff PAT volume according to the presence of MS by using the ROC curve. The ROC curve showed maximum association between a PAT volume of 142.2 cm^3^ and MS (sensitivity, 0.495 and 1-specificity, 0.218) ([Figure 1](#f1-kjfm-17-0027){ref-type="fig"}, [Supplement Table 1](#SD1-kjfm-17-0027){ref-type="supplementary-material"}).

DISCUSSION
==========

On evaluating the association of PAT volume and various metabolic parameters with MS, we found that PAT volume showed a significant positive association with metabolic parameters and MS, except HDL-cholesterol level. Furthermore, we calculated the cutoff PAT volume to be 142.2 cm^3^, which showed the best association with MS.

Many of the previous studies focused on the risk of CVD according to PAT volume in people with preexisting MS \[[@b21-kjfm-17-0027]-[@b23-kjfm-17-0027]\]. However, several studies have addressed the direct link between PAT volume and MS. The ARIRANG study measured epicardial adipose tissue (EAT) thickness on echocardiography \[[@b16-kjfm-17-0027]\]. The incidence of MS increased significantly with increasing EAT thickness in men after adjusting for various confounding variables, but no clear correlation was found in women. However, this study showed that EAT thickness measured on echocardiography could be used as an index for predicting the incidence of MS in men.

Park et al. \[[@b13-kjfm-17-0027]\] discussed the relationship between PAT volume and MS by using echocardiography for measuring EAT thickness. The result of their study showed that EAT thickness was significantly greater in patients with MS than in those without MS, but the ability of EAT thickness to predict MS was found to be strong only in the group that had a BMI of \<27 kg/m^2^. The relationship between EAT thickness and MS was also demonstrated in the ROC curve, but the cutoff value was not discussed in the study.

Another study, by Ormseth et al. \[[@b24-kjfm-17-0027]\], also found a connection between PAT volume and MS in patients with rheumatoid arthritis. This study calculated EAT volume and calcium score for the carotid artery on CT. They showed that EAT volume was associated with multiple factors (insulin resistance, triglyceride level, current smoking, and homocysteine level), which have already been shown to be strongly associated with MS.

Various studies have consistently shown that PAT volume is associated with MS \[[@b25-kjfm-17-0027]-[@b28-kjfm-17-0027]\]. The result of our research was in line with those of the previous studies. In our study, we demonstrated that PAT volume significantly correlated with the prevalence of MS after adjusting for confounding variables. In addition, we determined a significant cutoff PAT volume for a possible relationship with MS. This is the main difference between our study and the previous studies, which only showed the relationship between PAT volume and MS.

One of the strengths of our research is the method of measuring PAT volume. In most studies, echocardiography was used to measure PAT volume owing to its convenience and low cost \[[@b28-kjfm-17-0027]-[@b30-kjfm-17-0027]\]. However, the measurement of PAT thickness on ultrasonography has a limitation in obtaining total PAT volume accurately \[[@b31-kjfm-17-0027]\]. Nevertheless, our study accurately measured the total PAT volume on CT; therefore, we could calculate the PAT volume for evaluating its association with MS. Analysis of data from the general population, though not relatively large enough, is another strong point of this study as compared with other studies. Most existing studies had limitations in representing the general population because they were performed in special populations of subjects with preexisting CVDs or other diseases.

However, our research has some limitations. One limitation is that the causal relationship between PAT volume and MS could not be inferred because of the cross-sectional design of our study. Second, our study data were not large enough to represent the association in the general population. Third, various confounding factors were not adjusted for in this study. In addition, the OR of developing MS in the top PAT tertile group showed no statistical significance (OR, 1.82; 95% CI, 0.91--3.63) after adjusting for age, sex, smoking, and BMI. Even though our results had no statistical significance, we carefully considered their marginal significance. BMI critically impacts PAT volume but did not show statistical significance after additional BMI adjustment. Finally, the conclusion is limited to clinical application because of the cost-effectiveness, radiation exposure, and convenience of CT. Nonetheless, this is the first study to evaluate the cutoff PAT volume in subjects with MS.

In conclusion, PAT volume was significantly associated with MS and various metabolic parameters, including BMI, WC, and triglyceride and HDL levels. In addition, the cutoff PAT volume of 142.2 cm^3^ showed the best association with MS. Further prospective well-designed studies are needed in the near future to reveal the exact association between PAT and MS.
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###### 

The sensitivity and 1-specificity values based on the ROC curve and area under the ROC curve.

![ROC curve of pericardial adipose tissue volume according to the presence of metabolic syndrome. This ROC curve shows the maximum association between pericardial adipose tissue volume (142.2 cm^3^, P\<0.001) and metabolic syndrome at the point of sensitivity (0.495) and 1-speicificity (0.218). ROC curve, receiver operating characteristic curve.](kjfm-17-0027f1){#f1-kjfm-17-0027}

###### 

General characteristics of the study group (n=374)

  Characteristic                                 MS(−) (n=271)   MS(+) (n=103)   P-value
  ---------------------------------------------- --------------- --------------- ---------
  Age (y)                                        54.7±10.2       52.8±8.7        0.100
  Females                                        53 (19.6)       19 (18.4)       0.808
  Height (cm)                                    167.2±7.9       170.0±7.8       0.002
  Weight (kg)                                    68.1±11.3       77.4±11.0       \<0.001
  Body mass index (kg/m^2^)                      24.3±2.8        26.6±2.6        \<0.001
  Pericardial adipose tissue volume (cm^3^)      116.9±38.0      142.3±47.2      \<0.001
  Waist circumference (cm)                       86.4±7.7        93.6±7.4        \<0.001
  Glucose (mg/dL)                                93.1±20.3       112.4±26.2      \<0.001
  Systolic blood pressure (mm Hg)                122.0±11.6      128.4±10.4      \<0.001
  Diastolic blood pressure (mm Hg)               79.7±8.8        84.3±8.5        \<0.001
  Total cholesterol (mg/dL)                      203.5±35.0      208.0±37.6      0.278
  Triglyceride (mg/dL)                           118.6±58.6      218.6±88.5      \<0.001
  Low-density lipoprotein cholesterol (mg/dL)    128.7±31.1      126.0±31.6      0.468
  High-density lipoprotein cholesterol (mg/dL)   53.6±12.3       43.2±9.1        \<0.001
  High-sensitivity C-reactive protein (mg/dL)    0.15±0.33       0.13±0.12       0.601
  Uric acid (mg/dL)                              5.6±1.3         5.9±1.4         0.057
  Homocysteine (µmol/L)                          11.3±4.6        10.8±2.6        0.334
  Visceral fat area (cm^3^)                      90.6±28.7       109.5±25.3      \<0.001

Values are presented as mean±standard deviation or number (%).

MS, metabolic syndrome.

###### 

Correlation between pericardial adipose tissue and other metabolic syndrome-related factors

  Factors                                                                                     r^[\*](#tfn1-kjfm-17-0027){ref-type="table-fn"}^   P-value
  ------------------------------------------------------------------------------------------- -------------------------------------------------- ---------
  Age (y)                                                                                     0.184                                              0.001
  Height (cm)                                                                                 0.159                                              0.004
  Weight (kg)                                                                                 0.459                                              \<0.001
  Body mass index (kg/m^2^)                                                                   0.459                                              \<0.001
  Waist circumference (cm)                                                                    0.535                                              \<0.001
  Glucose (mg/dL)                                                                             0.153                                              0.006
  Systolic blood pressure (mm Hg)                                                             0.019                                              0.742
  Diastolic blood pressure (mm Hg)                                                            0.000                                              0.999
  Total cholesterol (mg/dL)                                                                   −0.032                                             0.575
  Triglyceride^[†](#tfn2-kjfm-17-0027){ref-type="table-fn"}^ (mg/dL)                          0.313                                              \<0.001
  Low-density lipoprotein cholesterol (mg/dL)                                                 −0.033                                             0.562
  High-density lipoprotein cholesterol (mg/dL)                                                −0.234                                             \<0.001
  High-sensitivity C-reactive protein^[†](#tfn2-kjfm-17-0027){ref-type="table-fn"}^ (mg/dL)   0.195                                              \<0.001
  Uric acid (mg/dL)                                                                           0.222                                              \<0.001
  Homocysteine^[†](#tfn2-kjfm-17-0027){ref-type="table-fn"}^ (µmol/L)                         0.174                                              0.002
  Visceral fat area (cm^3^)                                                                   0.362                                              \<0.001

Partial correlation coefficient after sex adjustment.

Values from after log transformation.

###### 

Comparison of the MS-related factors among the 3 PAT tertile groups

  Variable                                       T1 (n=127)   T2 (n=125)     T3 (n=122)         P-value
  ---------------------------------------------- ------------ -------------- ------------------ ---------
  PAT volume (cm^3^)                             81.8±15.6    119.8±10.6     171.8±30.7         \<0.001
  MS cases                                       22 (5.9)     29 (7.8)       52 (13.9)          \<0.001
  Age (y)                                        52.4±9.2     54.8±9.5       55.4±10.4^\*^      0.034
  Height (cm)                                    166.5±7.8    167.4±8.0      170.2±7.5^\*,†^    \<0.001
  Weight (kg)                                    65.1±11.0    70.3±11.0^‡^   76.8±10.8^\*,†^    \<0.001
  Body mass index (kg/m^2^)                      23.4±2.7     24.9±2.6^‡^    26.4±2.6^\*,†^     \<0.001
  Waist circumference (cm)                       83.6±7.2     88.3±6.9^‡^    93.5±7.5^\*,†^     \<0.001
  Glucose (mg/dL)                                94.6±19.5    99.5±26.6      101.4±24.0         0.061
  Triglyceride (mg/dL)                           124.3±75.8   144.1±80.4     170.9±82.0^\*,†^   \<0.001
  High-density lipoprotein cholesterol (mg/dL)   55.1±13.1    50.2±11.8^‡^   46.8±10.8^†^       \<0.001
  High-sensitivity C-reactive protein (mg/dL)    0.11±0.15    0.14±0.19      0.19±0.44          0.065
  Uric acid (mg/dL)                              5.3±1.2      5.6±1.2        6.1±1.5^\*,†^      \<0.001
  Homocysteine (µmol/L)                          10.2±3.0     11.3±3.7       12.1±5.3^\*^       0.002
  Visceral fat area (cm^3^)                      85.0±28.1    95.4±26.5^‡^   107.6±28.1^\*,†^   \<0.001

Values are presented as mean±standard deviation or number (%). P-values were obtained using analysis of variance.

MS, metabolic syndrome; PAT, pericardial adipose tissue.

The superscripted letters indicate the groups with higher values and P-values of \<0.05 in the post hoc analysis: ^\*^comparison between T1 and T3; ^†^comparison between T2 and T3; and ^‡^comparison between T1 and T2.

###### 

ORs of the prevalence of metabolic syndrome among the 3 pericardial adipose tissue tertile groups

  Variable            OR1 (95% CI)        OR2 (95% CI)        OR3 (95% CI)
  ------------------- ------------------- ------------------- -------------------
  T1 (36.1--101.9)    1                   1                   1
  T2 (102.5--138.3)   1.44 (0.78--2.68)   1.59 (0.80--2.31)   1.09 (0.55--2.15)
  T3 (138.7--301.8)   3.55 (1.98--6.35)   4.19 (2.27--7.74)   1.82 (0.91--3.63)

OR1, crude OR; OR2, adjusted for age, sex, and smoking; OR3, adjusted for age, sex, smoking, and body mass index

OR, odds ratio; CI, confidence interval.
